
 

Becher Process - Nomination Document Ver 6 – 8 December 2020 Page 1 of 23 

ENGINEERS AUSTRALIA 
Western Australia Division 

 
 

 
 
 
 

BECHER PROCESS FOR THE PRODUCTION OF 
SYNTHETIC RUTILE 

 
 

NOMINATION FOR ENGINEERING HERITAGE RECOGNITION 
 
 

 
 

PREPARED BY ENGINEERING HERITAGE WESTERN AUSTRALIA 



 

Becher Process - Nomination Document Ver 6 – 8 December 2020 Page 2 of 23 

 
 
Table of Contents 
 

1. Introduction 3 
 

2. Nomination Letter 4 
 

3. Heritage Assessment 
3.1 Basic Data 5 
3.2 History 5 
3.3 Heritage Listings 5 

 
4. Assessment of Significance 

4.1 Historical Significance 5 
4.2 Historical Individuals 5 
4.3 Creative or Technical Achievement 6 
4.4 Research Potential 8 
4.5 Social 8 
4.6 Rarity 9 
4.7 Representativeness 9 
4.8 Statement of Significance 9 

 
5. Interpretation Plan 9 

 
6. References 10 

 
7. Acknowledgements 10 

 
Appendices 

Appendix A : Mineral Sands in Western Australia1 11 
Appendix B : Becher Process Flowsheet 13 
Appendix C : Becher Process Patent Specification 14 
Appendix D : Report on Bob Becher Centenary Symposium 19 

 
 
 
 

 
1 Department of Mines, Industry Regulation and Safety, Mineral Sands, 
<https://www.dmp.wa.gov.au/Investors/Mineral-sands-1473.aspx>, Government of Western Australia, 
(Accessed 7 December 2020). 

https://www.dmp.wa.gov.au/Investors/Mineral-sands-1473.aspx


 

Becher Process - Nomination Document Ver 6 – 8 December 2020 Page 3 of 23 

1. Introduction 
 
Mineral sands are an important source of ore for zirconium, titanium, thorium, tungsten and 
other rare earth elements.  Western Australia has significant deposits of mineral sands on the 
Swan coastal plain with mining having occurred, or continuing to occur, in a number of 
locations from Eneabba in the North to Beenyup (near Augusta) in the South. 
 
After World War II, Australia was the largest producer of two of the main mineral sands’ 
most valuable products, rutile and zircon.  Rutile is a source material for titanium and zircon 
for zirconium.  While the mineral sands’ industry has been a relatively small part of 
Australia’s mining industry compared with gold, coal, iron ore and other base metals, 
Australia has played an important role in the global supply of these raw materials for a 
number of end users.  More information on Western Australia’s mineral sands industry is 
provided in Appendix A. 
 
While rutile and zircon can be separated by spirals in a wet plant or by magnets and 
electrostatic equipment in a dry plant, the most abundant mineral sand in Western Australia is 
ilmenite.  Due to the inclusion of iron oxide, ilmenite is only about 56% titanium dioxide 
(TiO2) and if Western Australia’s mineral sands industry was to develop to its full potential, a 
sustainable method for removing the iron and increasing the concentration of TiO2 in ilmenite 
was required. 
 
Early plants for the processing of ilmenite were acid sulphate based plants with a waste that 
disposed of acidic waste into the ocean via sand dunes which suffered significant rust 
staining.  A plant of this type operated for a time at Burnie in Tasmania in the late 1950s.  In 
Western Australia the first and only plant of this type, which operated in the 1960s, was the 
Laporte plant in Australind.  Laporte’s iron rich wastes were transported in a pipeline on a 
wooden pier across Leschenault Inlet and into the sand dunes in the Leschenault Peninsula 
Conservation Park. 
 
A chemist working for the WA Government, Robert (Bob) Becher, motivated by a wish to 
protect Western Australian beaches from rust staining by removing the iron in an alternative 
process, worked to overcome this problem.  Bob Becher invented what became known as the 
Becher Process, a process for converting ilmenite to synthetic rutile which contains between 
88 and 95% TiO2.  This process increases the value of the product five-to-tenfold and has 
allowed Western Australia to become one of the world’s major exporters of titanium dioxide. 
 
Similar to other parts of the mining industry, there have been and are a large number of 
engineers working in the mineral sands industry.  These engineers2 developed the Becher 
Process into a commercial scale plant.  To date a total of six synthetic rutile plants have been 
built in Western Australia, with two still in use, one at Capel and one at Muchea. 
 
Recognising the importance of the Becher Process to engineers involved in the development 
of the mineral sands industry in Western Australia, Engineering Heritage Western Australia 
nominates ‘The Becher Process for the Production of Synthetic Rutile’ for an Engineering 
Heritage Marker. 
 
  

 
2 Minproc Engineers (Bob Wilde) had significant input in the TiWest JV developed in the early 1990s. 
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2. Nomination Letter 
 
 
 
Learned Society Advisor 
Engineering Heritage Australia 
Engineers Australia 
Engineering House 
11 National Circuit 
BARTON,  ACT  2600 
 
Name of work: 
 
The Becher Process for the Production of Synthetic Rutile 
 
This work is nominated for an Engineering Heritage Marker (EHM) under the Heritage 
Recognition Program of Engineers Australia. 
 
Location: 
The subject of this recommendation involved the invention, technological development and 
commercialisation of an innovative process for extracting a high-value product from mineral 
sands in Western Australia.  As a process it has no specific location. 
 
Owner: 
While the process has been used by mineral sands companies, it has no owner.  It was the 
subject of a patent awarded to Robert Becher, which has now expired.  Accordingly, there is 
no requirement for an owner’s agreement to the nomination.  A leading user of the process, 
Iluka Resources, is aware of the nomination and has provided supporting information 
including images. 
 
Access to site: 
Not relevant. 
 
Nominating Body: 
Engineering Heritage Western Australia 
 

 
Martin Silk 
Chair 
Engineering Heritage Western Australia 
8 December 2020 
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3. Heritage Assessment 
 
3.1 Basic Data 
 
WA has long been recognised for its world-class resources and for having one of the most 
competitive and technologically advanced mining industries in the world.  A significant part 
of this is the mineral sands industry, which includes the mining of ilmenite, an important 
source of titanium dioxide (TiO2).  TiO2 is used in the production of paints, other coatings 
and plastics and a wide range of other applications. 
 
Ilmenite has a TiO2 content of about 56%, while synthetic rutile contains about 92%.  
Conversion of ilmenite to synthetic rutile increases the value of the product five- to tenfold, 
depending on market conditions.  Commercial development of the process and the necessary 
technology was undertaken by mineral sands companies in conjunction with Dr Becher and 
his colleagues and Western Australia became one of the world’s major exporters of synthetic 
rutile. 
 
3.2 History 
 
In January 1961 Dr Becher (Mr Becher at the time) lodged a Patent Specification (247110) 
covering the Becher Process for upgrading of ilmenite to synthetic rutile.  The complete 
specification was accepted in September 1963.  As the investigation work was done in a 
government laboratory the original patent was given to the West Australian Government.  
The process was commercialised in 1968 by the mineral sands company Western Titanium 
Ltd, a predecessor of Iluka Resources Ltd.  The Becher Process has only been applied to 
ilmenite mined in Western Australia for direct manufacture of TiO2 from synthetic rutile, 
based on the ‘chloride’ process. 
 
3.3 Heritage Listings 
 
There are no State Heritage listings for the Becher process.  Curtin University have named 
Building 220A on the Perth Campus in Bentley the Becher building. 
 
 
4. Assessment of Significance 
 
4.1 Historical Significance 
 
The Becher Process is considered historically significant due to its invention and application 
at a time when Australia’s production of minerals and mineral products were increasing after 
World War II.  Its ability to significantly increase the value of mined ilmenite helped this 
trend and led to increased export income and jobs.  It is also historically significant as an 
Australian invention that has enhanced the country’s reputation for scientific and 
technological innovation. 
 
4.2 Historic Individuals 
 
The inventor of the Becher process was Robert Gordon Becher.  He was born in 1913, moved 
with his family from South Australia to Perth in 1914 and left school at the age of 14.  During 
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the Depression he worked at odd jobs.  He went on to study at night school and completed a 
diploma in chemistry.  He joined the Engineering Chemistry Division of the WA State 
Government Laboratories in 1952 and became heavily involved in minerals research. 
 

 
 
Dr Becher’s substantial contribution to the mineral sands industry has been recognised in 
several ways.  He received various awards and honours during his career, including a 
Fellowship of the Royal Australian Chemical Institute, the RACI Batty Medal in 1980, the 
Order of Australia in 1988, the Clunies Ross National Science and Technology Award in 
1992 and an Honorary Doctor of Science Degree from Murdoch University in 1993.  The 
naming of the R. G. Becher Building in 1996 on the campus of Curtin University took place 
on site and was attended by Dr Becher, then aged 82, and members of his family.  He 
received several other honours for his achievements.  He died in 1997. 
 
In 2013 on the centenary of his birth the Bob Becher Centenary Symposium to celebrate his 
contributions to science and technology was held at the Australian Minerals Research Centre, 
Waterford WA. 
 
4.3 Creative or Technical Achievement 
 
As described by Jim Avraamides at the Centenary Symposium (Appendix D), Bob Becher’s 
ideas for improving on the then current acid sulphate process were generated from the 
dumping of acidic iron waste into the ocean from a plant operating at Burnie in Tasmania in 
the late 1950s.  With the building of a similar plant in Western Australia at Australind, he 
was keen to prevent this environmentally unacceptable situation being repeated in other 
locations in his home state. 
 
In summary, the Becher process involves the reduction of the iron oxide in ilmenite to 
metallic iron in a kiln.  This is followed by aeration or accelerated rusting.  Accelerated 
rusting is achieved by mixing the reduced ilmenite in tanks with water and air, with 
ammonium chloride added to accelerate the process.  The metallic iron dissolves, migrating 
through the pores, and precipitates as very fine iron oxide (0.1 to 10 microns in diameter).  
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The original grain loses up to 40% of its original mass, leaving a porous grain matrix which is 
largely titanium dioxide. 
 
He devised a two-stage process which consisted of: 
 
1. Reduction of the iron ore component in ilmenite at 1150o C with Collie coal char. 

FeO.TiO2 = Fe(m).TiO2 
This was achieved using a modified iron reduction kiln. 
 

2. Aeration leaching of the reduced ilmenite in an ammonium chloride solution to ‘rust 
out’ the iron and precipitate it as finely divided hydrated iron oxides. 

Fe(m).TiO2 = Fe Oxides +TiO2 
 

 
 

Mr Bob Becher’s actual test unit that was used to develop the iron 
leaching step of the process.  Image supplied by Iluka Resources. 

 
The initial reduction tests were carried out using 6 grams of ilmenite and 6 grams of char.  
Ilmenite containing around 55% TiO2 was readily upgraded to 90% or more TiO2, while the 
iron oxide, which was almost a neutral pH by-product was readily contained and separated.  
A typical flow sheet is included as Appendix B. 
 
Bob Becher applied for a Patent in 1961, using his own funds, which was granted in 1963.  
Western Titanium Ltd, a predecessor of Iluka Resources, commercialised the process in 1968 
with the engineering development of the full-scale processing plant.  A copy of the original 
patent specification is included as Appendix C. 
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Aeration process at the Iluka Resources North Capel Operations. 
Image supplied by Iluka Resources. 

 
Iluka Resources is WA’s largest operator of the Becher Process.  One of the company’s 
predecessors was Western Titanium which saw in the Becher Process an opportunity to 
overcome the same problems with ilmenite upgrading as identified by Bob.  The first 10,000 
tonnes per annum (tpa) demonstration plant was constructed in Capel in 1969.  In total 6 
plants have been built using the Becher Process.  Two are still in operation, one operated by 
Iluka in Capel and one operated by Tronox near Muchea.  Local Collie coal has continued to 
be used as a fuel and as a reductant, so there was a natural synergy in the co-location of the 
processing plants in Western Australia. 
 
The original capacity of the Tronox plant has increased from 130,000 tpa to 223,000 tpa.  By 
2013 total synthetic rutile production by Tronox had reached 4 million tonnes.  By the same 
year Iluka had produced over 10 million tonnes of synthetic rutile by the Becher process. 
 
4.4 Research Potential 
 
The Becher Process was developed as a result of engineering/chemistry laboratory research.  
It has subsequently been commercialised and used as a basis for further research and 
development in the processing of mineral sands.  The original process is still recognised by 
the industry and is likely to be the subject of ongoing development. 
 
4.5 Social 
 
The invention, commercialisation and further development of the Becher Process has assisted 
in the expansion of the Western Australian mineral sands industry, with increased jobs and 
economic benefits for the community. 
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4.6 Rarity 
 
The Becher Process has only been applied to synthetic rutile manufactured from Western 
Australian Ilmenite for subsequent processing to titanium dioxide in the ‘chloride’ process.  
Other companies overseas may have adopted the Becher approach and developed further 
enhancements, but published information is limited. 
 
4.7 Representativeness 
 
The process is a good example of scientific research and technological development that has 
led to greatly increased product value.  It is considered a good example of cooperation 
between government and private enterprise leading to economic benefits for industry and the 
community.   
 
4.8 Statement of Significance 
 
• The introduction of the Becher Process gave a significant boost to the mineral sands 

processing industry in Australia by inventing and developing a method for treating 
ilmenite to obtain synthetic rutile at a higher level of purity than other methods, while 
having lower environmental effects.  In 2013 synthetic rutile made up around 20% of 
feedstock for global chloride pigment production. 

 
• Development of the Becher Process is a good example of cooperation between 

government establishments and industry to produce a highly effective industrial process 
that has ongoing economic and social benefits. 

 
• While the original process patent was awarded almost 60 years ago and various 

modifications have been made since, the Becher Process is still known as such and 
continues to be used. 

 
• While Bob Becher’s career involved many other activities, he is still best known in 

Government and industry circles for his invention of the process and involvement in its 
development.  The significance of this is demonstrated by the naming of the R. G. 
Becher building on the campus of Curtin University and the holding of the Bob Becher 
Centenary Symposium.  A descriptive panel in the building and the symposium 
presentations both emphasise the Becher Process as central to his achievements and a 
reason for honouring his memory. 

 
 
5. Interpretation Plan 
 
A virtual interpretation is proposed for the Becher Process.  The patent has long expired, so 
there is no recognised owner of the process.  Its invention occurred when Dr Becher was 
working in the WA Government’s Chemical Laboratories in East Perth.  These were renamed 
Chemistry Centre (WA), commonly known as ChemCentre, and in 2009 the organisation was 
relocated to new premises on the Curtin University campus at Bentley, a Perth suburb.  
Adjacent to this site is the CSIRO’s Waterford facility, which incorporates its Minerals 
Research Centre.  This includes the Becher Building, which houses storage and laboratory 
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space.  The building was named in 1996 when it was owned by the WA government and used 
by its Minerals Processing Laboratory.  This was disbanded in the early 2000’s and Dr 
Becher never worked there, so it really has little direct connection to him or the process.  
However it does contain a plaque inside the building commemorating the naming, and a 
panel containing information about him and the Becher Process.  Any additional plaque and 
interpretation panel there would be superfluous. 
 
The original East Perth site where the process was invented is no longer available or suitable 
for a physical recognition display.  Another relevant point is that mineral sands companies, 
including RGC and Western Titanium and its successor Iluka Resources, took up the original 
Becher Process and carried out significant work to develop and commercialise it.  It is also 
used by the company Tronox Resources.  Enhancements to the process have continued to be 
made by the mining companies, CSIRO and others.  It would be difficult to select a single 
representative location associated with the process. 
 
Virtual recognition is therefore proposed.  A “virtual interpretation panel” will be prepared 
for inclusion in the Heritage Database on the EHA web page. 
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Appendix A : Mineral Sands in Western Australia 

 



 

Becher Process - Nomination Document Ver 6 – 8 December 2020 Page 12 of 23 
 



 

Becher Process - Nomination Document Ver 6 – 8 December 2020 Page 13 of 23 

Appendix B : Becher Process Flowsheet 
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Appendix C : Becher Process Patent Specification 
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Appendix D : Report on Bob Becher Centenary Symposium 
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